Abstract There is increasing consensus that institutional innovations are just as important for development as technological innovations. Polycentric systems are social systems of many autonomous decision centers operating under an overarching set of rules. The rural poor hold positions in polycentric systems, which are marginalized as a result of poverty, exclusion and degraded environments. Horizontal and vertical position changes by means of technological and institutional innovations within polycentric systems create escape routes from marginality. Productivity growth in agriculture through technological innovations is one way to enhance the wellbeing of the rural poor. Sustainable productivity growth, however, also requires institutional innovations. This contribution shows pathways for escaping marginality by means of technological and institutional innovations in polycentric systems.
Innovation in Polycentric Systems
The rural poor are in positions in which they have limited options for selecting, with more or less control, from a set of alternative actions in light of available information about the general structure and outcomes that may be affected by benefits and costs assigned to actions and outcomes. This general situation is what Elinor Ostrom has referred to as an 'action situation' (Ostrom 2005, p. 189) , and it serves as a starting point for describing how the rural poor can escape marginality in polycentric systems.
Polycentricity is "a social system of many decision centers having limited and autonomous prerogatives and operating under an overarching set of rules." (Aligica 2014, p. 37) . Because polycentric systems ". . .take each other into account in to explore the social, economic, and ecological spaces in which poor smallholders can advance and tap unused capabilities and agro-ecological potentials.
Being marginalized means having a marginal position in polycentric systems. From an institutional perspective, being marginalized means being excluded from institutional frameworks which enable innovation of technological or institutional infrastructures. With reference to the picture of a bicycle chain, being marginalized means being constrained in "changing gears" and creating value at higher levels of polycentric order. Institutions of marginality cannot always be directly identified by specific attributes or forms of rule configurations in which they appear; rather, they can be detected indirectly ex-post by (1) the ways in which decisions are made, (2) the types of behavior and actions they enable or inhibit, and (3) the effects they have on society and the environment.
Those institutions which define the everyday lives of the marginalized do not enable them to improve their wellbeing vertically by creating value in systems at a higher polycentric order.
1 Institutions of marginality consist of strong horizontal valuecreating institutions, e.g., strong bonding social capital institutions, like traditions, habits or life-long contracts. Survival networks and social networks protect the marginalized from life-endangering extremes, but also prevent them from having access to resources, rights and services outside their immediate social and physical environment.
Being marginalized means being excluded, especially from vertical value creation, and having to carry the costs which are externalized to secure private benefits of other, less marginalized actors. Further, geographical remoteness and being socially and culturally confined prevents structural coupling with higher level systems of governance in the polycentric order, such as collective-choice or constitutional level decision-making, for example, by claiming citizen rights, or by an attempt to act outside the boundaries of tradition. Being trapped in marginality is determined by situations in which actors are less well connected to higher orders of decision-making, have relatively low potential and low levels of resilience (Carpenter and Brock 2008) . Although change is needed for improving livelihoods, it is risky.
2 Therefore innovation often occurs among marginalized groups when potential and connectedness may be low but resilience is sufficiently high to absorb risks of failure.
1 Operational, collective-choice and constitutional levels of decision making are levels of increasing polycentric order. 2 To explain how institutions of marginality work, scholars have attempted to set up dichotomies of different types of institutions. North et al. (2007 North et al. ( , 2009 ) explains how limited access orders work in contrast to open access orders. Robinson (2012, 2008) identify extractive versus inclusive institutions in explaining why some nations prosper while others fail. Hagedorn (2008) refers to segregative in contrast to integrative institutions for explaining sustainable resource use in agriculture. Despite the different use of terms, all those theories contribute to explaining how institutions of marginality work: they limit access and property rights, create poverty and inequality, limit control of a community's rights to change it's own institutions, free the economic and political elites from accountability, and limit access to resources, rights, freedoms and opportunities. And, as Robinson (2008, 2012) argue, most of the time, they are intentionally designed to extract resources and limit rights of a majority in favor of those of a political and economic elite.
Pathways Out of Marginality: Institutional and Technological Innovations
Escaping marginality requires innovation in institutional and technological infrastructures. Technological innovations in agriculture refer to products or machines which are new in the production process, whereas institutional innovations are changes in sets of rules which define peoples' positions and actions in action situations.
Institutions are the sets of rules which emerge from the attempt to structure social interactions. Social interactions, in turn, are shaped by institutions. Within institutional structures, behaviors in action situations 3 are motivated and enabled by reducing the costs involved in agreeing on why, when, and which actions are carried out, and by whom. The costs of agreeing on sets of rules can be substantial, and because of the sunk cost effect, they can actually be a reason for avoiding behavioral changes (Ostrom 2005, p. 58; Janssen et al. 2003; Janssen and Scheffer 2004) . High investments for establishing political, social or economic arrangements which are cemented in institutional arrangements result in a resistance against reform, especially in periods of uncertainty and ecological vulnerability (Pakandam 2009) .
Institutions enable and constrain actions within action situations. The boundaries of the action situation itself are defined by institutions, as well as membership, authority, and a variety of other rules which specify the scope of outcomes, the information available, or how costs and benefits are allocated (Ostrom 2005) . Desired behavior is motivated by institutions, while undesired behavior is sanctioned. While some institutions have emerged spontaneously, without purposeful design, and have eventually become habits or traditions, others are the result of purposeful design. Either they are determined and imposed or they are the result of continuous deliberations and "struggles" to find and improve sets of rules which serve the purpose of the actors within or in charge of an action arena. Variations and combinations of both top-down and bottom up processes of institutional evolution are common (van den Bergh and Stagl 2003; Arnold 1980; Richerson and Boyd 2001; Farrel and Shalizi undated) .
As technology always comes with rules on how to use the technology, who is to use it, and who has the rights to the outcomes from its use, institutional fit or complementarity is relevant for the adoption of technological innovations. Technological innovations can change action situations by changing roles and rights of actors related to the use of technology. Local technological innovations can 1. evolve from specific local institutional contexts (Fig. 2.1a) , or 2. be developed elsewhere and introduced into specific local institutional contexts ( Fig. 2.1b ).
When local technological innovations evolve from specific constraining contexts, they primarily intend to reduce workload or improve the working and living conditions of the marginalized. Grassroot innovators (Gupta et al. 2003) can improve their immediate working and living conditions despite being economically poor. This is not only because they possess intellectual capabilities and can be ingenious, but also because of their desire and motivation to lift the constraints of their work and living conditions.
The creativity of innovators is triggered by the adverse and constrained living and working conditions in which they are working. Although creativity usually declines under pressure (Amabile et al. 2002; Gunkel 2010) , marginalized innovators attempt to improve their work and living conditions through innovations which make work processes easier, less dangerous and open opportunities. This seemingly adverse context for creativity results from tensions, conflicts and dilemmas which need to be resolved (Lewis et al. 2002; King et al. 1991) by means of creating a technological or institutional solution for an existing interaction pattern (status quo) which is perceived as being too costly or burdensome. The attempt to improve contextual fit or match (Bledow 2009; Young 2002 ) brings forth innovation. The enabling and inhibiting characteristics of institutions are also a potential source of conflict when actors are no longer willing to carry the costs of being constrained (see following chapter).
Alternatively, innovations which have been developed outside local contexts, once adopted, can change the specific local context with regards to who uses the technology, how it is made use of, and how costs and benefits from the use of it are allocated. In this case, the motivation to develop an innovation which mainly serves the interests of local communities is not always straightforward, as the innovator and the user are two different actors with different attributes and interests. Although innovators outside the local context can be motivated by noble goals (e.g., to help the poor increase yields by improved seeds), the incentive to implement a technology which has been costly to develop is high, and the hidden costs, like ecological externalities or additional costs required to accompany the innovation (e.g. fertilizers, pesticides, in the case of high yielding varieties), are less visible. From the perspective of the prospective users of the innovation, externally developed technologies are attractive because the costs for development are carried by an external innovator who can hide them in the per unit costs of the purchased technology over a long time period. Technologies externally developed for marginalized smallholders are not necessarily less sustainable than technologies developed from grassroot actors themselves, especially when the potential users of the technology have been part of the innovation process in innovation systems (Nyikahadzoi et al. 2012 ).
Enabling and Inhibiting Functions of Institutions
When do actors undertake efforts to change sets of rules which govern action situations? In other words, when do they undertake the effort to change institutions? Whereas institutions are the preconditions for continuity of interactions in changing and uncertain environments, institutions themselves frequently change and adapt to changing environments. Institutional innovation is also a result of the tension between the constraining and enabling functions of institutions.
When costs related to the constraining functions of institutions are perceived as too high, people undertake efforts to change them so that the benefits which can be captured by the enabling functions of institutions prevail. An incentive to change institutions can occur when the expected benefits from an old set of rules are less than the anticipated benefits from a new set of rules plus all the costs involved in the process of changing the rules -that is what Elinor Ostrom has referred to as the "rule change calculus" (2005, p. 245) . When the old set of rules is perceived as being too costly, or when a set of institutions provide for too many constraints, actors may perceive the need for freedoms and institutional innovation. This need for change can only be perceived if an improvement of status quo is imaginable and when processes of structural coupling and cognition take place, as described above.
The variety of institutional arrangements in different action situations thereby ". . .provides the raw material for adaptation" (Axelrod and Cohen 1999, p. 32) . Institutional arrangements define the decisions and actions people can take within action situations, as well as the relationships between actors interacting in those situations. They also define the linkages between action situations at various levels of the polycentric order. Accordingly, institutional innovations, here understood as rule changes or rule creations, can occur within or between coupled action situations, or they lead to the creation of rules (e.g., monitoring) which link action situations. Changing the relative frequency of types of rule configurations leads to institutional innovation.
Variety in rule configurations can be a source for innovation and wealth creation, however, ". . .beyond some level, variety . . . can also be a source of debilitating inconsistency and conflict" (Axelrod and Cohen 1999, p. 122) . This is the case when rule configurations in interaction domains provide space for too much individual wealth generation without contributing to collective (societal) wealth generation and without constraints from higher level institutions. The "tragedy of the commons" is a popular example (Hardin 1968) .
Per definition, institutions have enabling and inhibiting functions. They enable interactions and functions within the subsystems they regulate, and thereby are an incentive for favorable behavior. They inhibit and create disincentives for unfavorable behavior. The rules created within a system or an organization can be perceived as enabling or constraining -depending on the cognition and aspirations of individuals within the organization. A constant adjustment process between internal and external organizational structures takes place, comparing status quo with how a system should or could be organized. This adjustment process has been referred to as structural coupling, or cognitivism (Rizzello 1999, p. 79) -a process that is structure-determined and structure-determining and that leads to structural congruence between two or more systems (Gatzweiler and Hagedorn 2013) . This process of matching internal representations with external (changing) environments (Wexler 2008, p. 15) , or structural coupling, is important for adaptation and survival in social and ecological systems. Hagedorn (2008, p. 12) explains that institutions '. . .are always (more or less) integrative and segregative at the same time. On the one hand, they are integrating the interests of those who want to be protected against adverse effects into the decision-making of other actors by exposing these to corresponding constraints. On the other hand, they secure reasonable room to manoeuvre for a decision-maker, even if this may require that not all adverse effects are kept away from other actors.' Institutions can thereby function as incentives or disincentives; they can reward or punish (Hodgson 2006, p. 2) . They are never universal and always specific, and they are inclusive for some and exclude others.
How much freedom people have in the actions they can take and how constrained people are in the decisions they can make is defined by institutions. The adjustment process between enabling and constraining functions of institutions reoccurs in the discourse of freedom and organization. Vincent Ostrom (1983, p. 1) has defined freedom as ". . .the capacity to act on the basis of one's own considered judgment" and as ". . . the availability of adaptive potential." In that sense, development gains can be made when ". . .constraints (are built) into people's relationships. . ." and when "human beings (. . .) take advantage of each other's capabilities and pursue opportunities for joint advantage through teamwork."
In order to be able to tap those capabilities, it is necessary to ". . .establish a basis for creating stable expectations about their relationships with one another" (ibid., p. 3). Wealth creation under freedom can only be realized in the presence of organization. On the other side, organization requires rules, rulers and those being ruled. Grasping the benefits of ordered relationships is only possible if sanctions can credibly be imposed on defectors. If those who rule are excluded from the rules imposed on the ruled, organization can become a threat to freedom. "The prerogatives of rulership become a threat to freedom when organization provides unequal opportunities for some to exploit and oppress others" (ibid., p. 5).
Horizontal and Vertical Value Creating Institutions in Polycentric Order
Institutional innovations which are enabling create value. Value creating institutions are part of polycentric order and therefore value can be created horizontally and vertically within polycentric systems. Enabling institutions can therefore be regarded as sets of rules which increase the set of opportunities for escaping marginality. They define the type of actions actors can take in action situations. Having access and being connected to those institutions enables actors to create value or, as in the case of public service provision, benefiting from value created by the community. Being fully included in the systems in which value is created means being able to make use of low institutional entropy (Auster 1974 (Auster , 1983 ), e.g., a CEO running an organization, a government collecting taxes from organizations, or an individual taking a position in a company after studying at university. Low institutional entropy means ordered interactions which produce outcomes that are beneficial. Institutional entropy is a component of what has been referred to as social entropy (Bailey 1990 (Bailey , 2006 and social capital (Putnam 2000) . In the polycentric organization of social systems, social capital can be built by bonding and bridging, and similarly, institutional innovations can be the result of vertical or horizontal value creation.
Innovations from horizontal value creation result from a combination of actions (or materials) within a given biophysical or social environment. Horizontal value creation in social systems (bonding) happens by improving social and exchange relationships, or enforcing trust and solidarity. Assembling parts to build tools and machines or recycling waste for new uses are examples of horizontal value creation in physical systems. The marginalized benefit from horizontal value creation by being integrated into and benefiting from community activities and local networks and by making use of simple technological solutions. Rotating savings and credit associations in Indonesia (Varadharajan undated) are an example. Creating value through strong ties and identities within the community is an important social safety net, but it can also be a disincentive to break out of the bonds and create value vertically.
Vertical value creation in polycentric systems happens by connecting to actors and networks outside one's own networks or by making use of the rules and policies at a higher level of decision-making. Linking to knowledge and social systems beyond the local level opens opportunities for value creation by having access to external assets and information and by making rules instead of only obeying them. Gupta et al. (2003) provide the example of the Gujarat Grassroots Innovation Augmentation Network (GIAN). GIAN adds value to local innovations by facilitating the shift from innovators to entrepreneurs, access to risk capital, and technological knowhow or design input which transforms the innovation into a commercial product. GIAN also files patents on behalf of the innovators or provides support in building business networks.
Another example of successful innovation which specifically takes vertical value creation into consideration is the spread of the shallow tubewells for (boro) rice irrigation during the dry season in Bangladesh in the 1980s. The expansion of boro rice production from 10 % in the 1960s to 60 % of the total rice production by 2008 was triggered by a change in policy which liberalized the procurement and marketing of irrigation equipment in the 1980s. The availability of lower cost machines from China and the elimination of import duties and standardization requirements led to the rapid spread of this technology and an increase in productivity (Hossain 2009 ).
Vertical and horizontal value creation reduces institutional entropy and serves the purpose of reducing transaction costs (Iskandar and Gatzweiler 2014) . Being able to produce, exchange, transact and communicate more efficiently can be achieved by changing the set of rules which structure various types of exchange and interactions. Very often, this has been referred to as "enabling institutional environment" (Joshi and Moore 2000) . North (1990, p. 125) lists three types of institutional innovations which have led to increasing economic performance and "the rise of the Western World". They relate to lowering the costs of mobility, capital and information, and spreading the costs of risk in economic exchange relationships.
Horizontal and vertical value creation are not always equally important. Depending on the situation of the marginalized, it may be more important to create strong networks and innovate horizontally through bonding, especially if transcending accustomed behaviors is a threat to survival and social integrity. In those cases, bonding is good for adapting, getting along and building survival networks. In other situations, vertical value creation is an opportunity for getting ahead, connecting to actors at different locations of the value chain, making decisions on rights which secure the benefits from innovation and building mobility networks (Briggs 1989; Briggs et al. 2010; Dominguez and Watkins 2003) .
Social and physical technology (Beinhocker 2006, p. 241) 4 mutually influence each other and co-evolve (van de Ven and Garud 1994; Lewin et al. 1999) . The use and diffusion of physical technology very often depends on an enabling institutional environment. Institutions not only provide freedoms and incentives to come up with new ideas and innovate, but also enable diffusion and make use of technological innovations once they are available. Using a new technology will not be considered as long as the costs, risks and modes of use and maintenance are not institutionalized. In order to create benefits from the use of new technology, it might be necessary to change policies or create new organizations, like machine rings, and define property rights related to the use of the technology and the outcomes from said use. Physical technologies may also be a trigger and driver for institutional change, as opposed to situations in which a general favorable institutional environment for enabling the use and diffusion of a technology must be achieved first. The use of mobile phones, e.g., has created new forms of social relationships and rules of how to communicate, interact and behave in those social networks (Srivastava 2005; Huberman et al. 2008) .
In multi-level polycentric orders, value can be created at horizontal and vertical levels. Value creation at horizontal levels refers to the governance of action situations at one level of decision-making. For example, farmers can cooperate and help each other during the harvest season, or achieve improved productivity resulting from the use of technologies, like improved seeds or fertilizers. Such innovations are the result of doing things differently within existing institutional arrangements. They are adapted to and fitted into status quo social structures without fundamentally changing them. Vertical value creation happens when associations, organizations, networks or cooperatives are established which are specifically designed to change previous cost/benefit streams and interaction patterns. Additional value is created by linking to higher levels of organization, e.g., by improving access to rights and resources and inclusion at higher decisionmaking levels.
Institutional innovation is a continuous process of incremental changes. "Incremental change comes from the perceptions of the entrepreneurs in political and economic organizations that they could do better by altering the existing institutional framework at some margin." (North 1990, p. 6) , or it is a response to failure, crisis and constraints, presuming information flows and feedback. North further elaborates (1990, p. 108) that, "The success stories of economic history describe the institutional innovations that have lowered the costs of transacting and permitted capturing more of the gains from trade . . .". The existence of transaction and interaction costs and a situation of incomplete information, together with the desire to increase gains from interacting, is therefore a necessary precondition for innovation.
The condition of perfect fit, i.e., a situation in which transaction costs for existing interaction patterns are at a minimum, where actors have the same information and mental models of how the world around them works, and a situation which is perceived as being too expensive to change behavior (e.g., because of contracts), is also referred to as the lock-in effect (North 1990, p. 7) . Such lock-in occurs in a state of equilibrium. In such a state, the economy performs in an endless round of activities -something Schumpeter (Greiner and Hanusch 1994, p. 262) termed the "circular flow" -a situation in which demand and supply correspond, and interest rates and savings are equal to zero. Profits and losses are zero too, assuming that there is also no time preference. Time does not play a role because production and consumption are synchronized. For given prices, all economic agents have their economic transactions fulfilled. This Walrasian system 5 is in a state of unending stasis, in which individual tastes, techniques and resources are fixed and no innovation occurs. Doner (2010) makes the vulnerability argument which explains institutional innovation as a response to failures, pressures or crises. The vulnerability argument says that institutional innovations occur in vulnerable systems, systems in which political leaders are confronted with popular discontent and external pressures. They are under pressure by the need for maintaining living standards, avoiding public unrest, maintaining national security, the need for foreign exchange and acting within scarce budget constraints (Doner et al. 2005) . At the level of the individual smallholder, the continued absence of support from outside and the remote and marginalized situation can lead individuals to become creative and find technological solutions for their locality (Gupta et al. 2003 ). Schumpeter's (1934) notion of creative destruction can be regarded as creating value through new institutional arrangements and leaving behind those which have hindered innovation and suppressed entrepreneurial growth and development. The entrepreneur breaks out of the circular flow model in equilibrium and diverts capital to novel uses in order to be creative and make use of market niches. In order to finance innovation, he/she diverts labor (from the circular flow) to novel uses. However, because resources are already optimally allocated in the equilibrium state, this diversion leads to instability of the equilibrium state in industrial capitalism, which explains outbursts of violence and catastrophes in the history of capitalism (Schumpeter 1939 (Schumpeter , 1942 .
From a polycentricity perspective, the institutions of marginalized communities are not well linked to higher level orders of decision-making and value creation in specific action situations. The pathways do not exist through which information can flow and the monitoring of the performance of actions could occur. Segmented sections of rural society interact more among themselves than with political and economic elites, and their rights to participate and self-organize are constrained. The linkages between rural populations and decision-making elites are weak and interactions do not take place within viable organizational units which could build up sufficient pressures for triggering institutional reform. The coherence and functioning of nation-states in Africa (Gatzweiler 2013, p. 4) are insufficient and the positions of political leaders are too secure for building up the pressures needed to trigger substantial institutional reforms, as explained in the vulnerability argument.
Without explicitly mentioning polycentricity, Gupta et al. (2003, p. 981) refer to similar dynamics hindering institutional innovation by transcending constraints at 5 Leon Walras (1834-1910) describes a closed circular system of exchange between producers and consumers, firms and households. Humans, in that model, act with regards to themselves and according to a very particular conception of rationality. Their preferences are exogenous, i.e., independent of social context and the preferences of others. This self-regarding feature of economic agents who are not influenced by others is a central building block of the Walrasian model. Without it, the mathematical proof of the efficiency of competitive equilibrium collapses. one institutional level of the nested hierarchy: "A lot of people have learnt to adapt and adjust to a constraint rather than transcend it. In the case of women based technological problems, this constraint has been a consequence of cultural institutions, which prevented them from acquiring blacksmithy or carpentry tools. Women are very creative in coping with the constraints. . .."
Conclusions
Improving the wellbeing of marginalized smallholders means changing their position in polycentric systems to where they have more influence on deciding what they are and what they do. This can be achieved through technological and institutional innovations which emerge from social systems or are introduced to them from outside. Pathways for improving the wellbeing of marginalized smallholders can be found by making use of the enabling functions of institutions and creating value horizontally and vertically.
When connectedness to higher level decision-making is low and the marginalized have little control over the institutions which inhibit them from unfolding their potential, and when social system resilience is sufficiently high to absorb risks from experimentation, innovation will occur, leading to more favorable positions at multiple scales in polycentric systems.
Although appropriate technology innovations need to fit into local social and ecological context in order to be adopted, the process of institutional and technological innovation is triggered by situations of misfit creating costs carried by the economically and socially marginalized. If those costs become too high, decisions will be made to change the status quo and innovation occurs. The trigger for changing institutions will occur when the calculus for institutional innovation is positive, which means when expected benefits from an old set of rules are less than the anticipated benefits from a new set of rules plus all the costs involved in the process of changing the rules.
Technological innovations need to be accompanied by institutional changes if progress towards productivity growth is to be sustainable. Technological innovations often improve efficiency (horizontal value creation), e.g., by reducing labor costs, but they do not always enable marginalized smallholders to create value vertically, e.g., by improving access to rights, services or higher decision-making levels. A sole focus on technology innovations in agriculture can therefore improve agricultural productivity growth but make little progress towards sustainable intensification. Donors, investors and development organizations supporting technological innovations in agriculture therefore need to better understand how technological and institutional innovations change the marginal position of poor smallholders in polycentric systems.
In order to facilitate escape from marginality, a broader concept of value creation in polycentric systems is required that reflects the multiple dimensions in which rural smallholders are currently marginalized but also shows diverse pathways down which they could progress.
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